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AB ST R ACT 

A s i n g l e  r o t a t i o n ,  two maneuver g r a v i t y - g r a d i e n t  momentum 
dump p rocedure  i s  shown to b e  f e a s i b l e  for t h e  CM-SM/LM-ATM decounled  
vehYcle and as a manual backup for t h e  o r b i t a l  workshop c l u s t e r .  More 
g e n e r a l  schemes e x i s t  which can h a n d l e  t h e  b i a s  momentum due t o  o t h e r  
d i s t u r b i n g  t o r q u e s  as w e l l  as g r a v i t y - g r a d i e n t .  However, t h i s  s i n g l e  
r o t a t i o n  scheme i s  s i m p l e  i n  implementa t ion  f o r  t h e  decoupled  v e h i c l e  
and i n  crew backup p r o c e d u r e s  f o r  t h e  c l u s t e r .  Maneuvering i s  done 
d u r i n g  o r b i t a l  d a r k n e s s  to a l l o w  f u l l  u se  of o r b i t a l  d a y l i g h t  f o r  
s o l a r  expe r imen t s .  

When t h e  a n g l e  between t h e  o r b i t a l  p l a n e  and t h e  ear th-  
sun l i n e  i s  l e s s  t h a n  approximate ly  30' t h e  e n t i r e  d a y l i g h t  accumu- 
l a t i o n  o f  momentum produced b y  g r a v i t y - g r a d i e n t  t o r a u e  can b e  dumped 
d u r i n g  o r b i t a l  d a r k n e s s .  For a n g l e s  g r e a t e r  t h a n  3 0 ° ,  r e a c t i o n  
t h r u s t  dumping i s  a$so  r e q u i r e d .  

i n  c i r c u l a r  o r b i t  r e q u i r e s  up to 340 l b s  of  p r o p e l l a n t  i f  on ly  
r e a c t i o n  t h r u s t  dumping i s  used.  When suDplemented by g r a v i t y -  
g r a d i e n t  dumping, 75 l b s  a r e  r e q u i r e d .  

p r o p e l l a n t  r equ i r emen t  for a 56 day c l u s t e r  m i s s i o n  from 286 lbs 
to 20 l b s .  w 

Depending upon launch d a t e ,  a 28 day decoupled  m i s s i o n  

1 

I S i m i l a r l y ,  g r a v i t y - g r a d i e n t  dumping r educes  t h e  dump 

SEE REVERSE S I DE FOR D ISTR I BUT IOH L I ST 
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I N T R O D U C T I O N  

The need t o  p l a n  f o r  an AAP ATM decoupled  m i s s i o n ,  
and the  need for a s i m p l e  manual method’ o f  g r a v i t y - g r a d i e n t  
( g . g . )  momentum dumping o f  t h e  AAP-3/AAP-4 c l u s t e r  have  
s u g g e s t e d  a l o o k  i n t o  s i n g l e  a x i s  g .g .  dump maneuvers.  

A s  shown i n  F i g u r e  1 below, d u r i n g  s o l a r  v i ewing  t h e  
decoupled CM-SM/LM-ATM w i l l  f l y  w i t h  i t s  l o n g  a x i s  r o t a t e d  a n  
a n g l e  B ou t  o f  t he  o r b i t a l  p l a n e ,  where B i s  t h e  a n g l e  be tween 
t h e  p l a n e  and the  ea r th - sun  l i n e .  I n  c o n t r a s t ,  t h e  c l u s t e r  
w i l l  f l y  w i t h  its l o n g  ax is  i n  t h e  p l a n e ,  i t s  t e l e s c o p e  a x i s  
being rotated 6 Out O f  p l a n e  toward t h e  sun .  

CM-SM/LM-ATM * CLUSTER 

zO Z O  

\ 

v&f:E VEH I CLE 
AXIS 

FIGURE I 

*The CM-SM/LM-ATM v e h i c l e  axes  have been chosen i n  t h i s  memorandum 
f o r  convenience of a n a l y s i s ;  t h e y  do not  conform t o  t h e  u s u a l  d e f i n i t i o n  
of t h e  axes for t h i s  v e h i c l e .  
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The g .g .  and aerodynamic t o r q u e s  are c o u n t e r a c t e d  
d u r i n g  a t t i t u d e  h o l d  b y  the  momentum exchange a c t i o n  of t he  
C o n t r o l  Moment Gyros ( C M G s )  mounted on t h e  ATM r a c k .  How- 
e v e r ,  t h e  C M G s  have  a l i m i t e d  caDac i ty  t o  abso rb  momentum. 
F o r  con t inued  CMG a t t i t u d e  c o n t r o l ,  accumula t ions  of  momentum 
due t o  bias components of t h e  t o r q u e s  must b e  dumped p e r i o d i c a l l y  
b e f o r e  momentum s a t u r a t i o n  i s  r e a c h e d .  T h i s  dumping a c t i o n  may 
be r e a l i z e d  by maneuvering t h e  v e h i c l e  t o  a dump a t t i t u d e  such  
tha t  t he  g .g .  t o r q u e s  a c t  t o  r e s t o r e  the  momentum t o  a des i red  
l e v e  1. 

T h i s  memorandum w i l l  d e f i n e  t h e  g,g.* momentum 
accumula ted  d u r i n g  s o l a r  viewing,  de t e rmine  the  g.g. dump 
c a p a b i l i t y  d u r i n g  o r b i t a l  d a r k n e s s ,  s u g g e s t  a method o f  
momentum management, and de te rmine  for t h e  proposed  mis s ions  
t h e  weight  o f  r e a c t i o n  t h r u s t  p r o p e l l a n t  r e q u i r e d  t o  supplement  
g. g. dumping. 

CONCEPT OF SINGLE A X I S  GRAVITY-GRADIENT DUMP 

The g . g .  t o r q u e s  a c t i n g  on t h e  v e h i c l e  can be e x p r e s s e d  
i n  terms of  t h e  a t t i t u d e  o f  t h e  v e h i c l e  p r i n c i p a l  axes  r e l a t i v e  
t o  an  i n e r t i a l  c o o r d i n a t e  s y s t e m .  The i n e r t i a l  sys tem chosen 
( F i g u r e  1) i s  such t h a t  t h e  Z, a x i s  i s  normal  t o  t he  o r b i t a l  
p l a n e ,  p o s i t i v e  toward n o r t h ,  and t h e  Xoaxis  p o i n t s  i n  t h e  
d i r e c t i o n  of  the v e c t o r  formed by c r o s s i n g  t h e  e a r t h - s u n  v e c t o r  
i n t o  t h e  Z, a x i s  v e c t o r .  The Yo a x i s  completes  a r i g h t  handed 
o r t h o g o n a l  s y s t e m .  

The components o f  t h e  g .g .  t o r q u e s  about  t h e  p r i n c i p a l  
axes  of  a v e h i c l e  i n  c i r c u l a r  o r b i t  are: 

T X  - - - 3 u 2  [ s i n  24 s in2r l  (Iy - I,)] f t - l b s  2 

Ty - - - u2 [ s i n  @ s i n  2rl (Iz - I,)] f t - l b s  2 

*Bias components o f  aerodynamic t o r q u e  a l s o  produce momentum 
changes r e q u i r i n g  dumping. 
t o r q u e s  and t h e i r  e f f e c t  and remedy are  now under  s t u d y .  

These t o r q u e s  are smaller t h a n  the  g .g .  
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where w = o r b i t a l  r a t e ,  r a d i a n s / s e c .  

4 = a n g u l a r  d i sp lacement  of v e h i c l e  about  t h e  X a x i s .  

rl = a n g l e  between t h e  l o c a l  v e r t i c a l  and t h e  X i n e r t i a l  

( + = B  d u r i n g  s o l a r  v i ewing)  0 

r e f e r e n c e  a x i s  0 

I I I = v e h i c l e  p r i n c i p a l  moments o f  i n e r t i a ,  s l u g - f t 2 .  x, Y’ z 

To i l l u s t r a t e  t h e s e  e q u a t i o n s ,  a p l o t  o f  g .g .  t o r q u e s  
v s .  
+=-45O. 
because  Ix21z. 

for t h e  decoupled  v e h i c l e  i s  shown below i n  F i g u r e  2 for 
R e l a t i v e  ampl i tudes  depend upon t h e  v a l u e  o f  4 ;  Ty;O 

FIGURE 2 - GRAVITY GRADIENT TORQUES ON DECOUPLED VEHICLE 

To a d i f f e r e n t  s c a l e ,  t h e  g.g. t o r q u e s  on t h e  c l u s t e r  
for 4 = - 4 5 O  a r e  shown below i n  F i g u r e  3 .  

T 

FIGURE 3 - GRAVITY GRADIENT TORQUES ON CLUSTER 
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Not ice  t h a t  f o r  b o t h  v e h i c l e s  t he  Y and Z t o r q u e s  
are c y c l i c .  However, t h e  X a x i s  t o r q u e s  e x h i b i t  a bias 
which w i l l  produce a u n i d i r e c t i o n a l  CMG momentum change. By 
i n s p e c t i o n  of  t h e  t o r q u e  e q u a t i o n s  w e  see  tha t  i f  t he  v e h i c l e s  
are maneuvered t o  an a t t i t u d e  such  that  s i n  241 changes s i g n ,  
t he  b ias  t o r q u e s  r e v e r s e  d i r e c t i o n  and momentum dumping o c c u r s .  

T o  a v o i d  i n t e r f e r e n c e  w i t h  t h e  s o l a r  e x p e r i m e n t s ,  we 
assume t h a t  t he  v e h i c l e s  a r e  maneuvered t o  t he  dump a t t i t u d e  
on ly  d u r i n g  o r b i t a l  da rkness .  A s  w i l l  be  shown, t h e  l i m i t e d  
o r b i t a l  da rkness  i n t e r v a l  and t h e  t i m e  r e q u i r e d  f o r  e x e c u t i n g  
t h e  maneuver w i l l  o f t e n  prevent  complete  dumping of  t h e  
momentum accumula ted  d u r i n g  s o l a r  v iewing .  

CMG MOMENTUM CHANGES 

During CMG a t t i t u d e  c o n t r o l ,  t h e  t o r q u e  e x e r t e d  by 
t h e  v e h i c l e  on t h e  CMG i s  e q u a l  t o  and i n  t h e  same d i r e c t i o n  
as t h e  t o r q u e  e x e r t e d  by g r a v i t y  on t h e  v e h i c l e .  The CMG 
momentum change a l o n g  a v e h i c l e  a x i s  d u r i n g  any t i m e  i n t e r v a l  
can be o b t a i n e d  b y  i n t e g r a t i n g  t h e  t o r q u e  e q u a t i o n s  o v e r  t h a t  
i n t e r v a l .  

‘I1 ‘I2 
t o  t 2  = - 

w w ’  
F o r  an i n t e r v a l  f r o m  t l  = - 

- 
w ‘I1 

r e s u l t i n g  i n :  

3 w  1 AHX = 7 [ s i n  2$(n2- ‘11-  -$sin 2v2- s in  2n1))FY - I,)] f t - l b - s e c  I 
I 

AHy - 3 w  - [ - s i n  $ ( c o s  2n2-cos 2 n 1 ) ( I z  - Ix)] f t - l b - s e c  

AHZ - 3 w  - [ cos $ ( cos  2n2-cos 2nl)(I - Iy)] f t - l b - s e c  X 
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The a n g u l a r  i n t e r v a l s  of  s o l a r  p o i n t i n g  and dumping 
w i l l  be  c a l l e d  e p  and e D .  
symmet r i ca l  about  t h e  e a r t h - s u n  l i n e ,  
F i g u r e  4 .  

Normally t hese  i n t e r v a l s  will be  
as shown below i n  

POINTING INTERVAL 

SUN 

DUMP I NG INTERVAL 

SUN 

F I  GURE 4 

1 2  = - Y  
1 ,  = n + y  

e, = v2- v ,  

For symmetrical p o i n t i n g  and dumning i n t e r v a l s ,  t h e  
A H  e q u a t i o n s  become : 

AHX = 7 3 u  s i n  2$1 ( n 2 - n l  + s i n  2nl)(Iy - Iz) 

AHy = 0 
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Hence ove r  t h e  p o i n t i n g  and dumping i n t e r v a l s ,  t h e  
Y and Z a x i s  momentum changes are z e r o  and the  X a x i s  
momentum changes are:  

 AH^ = 3 w  s i n  2 6  ( e p  + s i n  e p )  (Iy - Iz>  f t - l b - s e c .  

AHD - - 3 w  s i n  2 4 1 ~  ( e D  + s i n  e D )  (Iy - I z )  

where 6 and $ D  are t h e  v a l u e s  o f  0 d u r i n g  s o l a r  p o i n t i n g  and 
dumping. 

Fo r  complete  dumping, w e  r e q u i r e  t h a t  AHD = -AHp. 
R o t a t i n g  Hence s i n q D  must be o f  o p p o s i t e  s i g n  from s in2B.  

t h e  v e h i c l e  t o  and from t h e  a p p r o p r i a t e  dump a t t i t u d e  r e s u l t s  
i n  a s i n g l e - a x i s ,  two-maneuver dump p r o c e d u r e .  

Maximum dumping c a p a b i l i t y  o c c u r s  when OD = +45" and - 
+135O. - The maximum dump c a p a b i l i t y  i s  t h e n  

For  a g i v e n  6 there  i s  a c h o i c e  o f  two v a l u e s  o f  
180' a p a r t ,  t o  o b t a i n  maximum dumping. There i s  also a +D , 

cho ice  of  d i r e c t i o n  of v e h i c l e  r o t a t i o n  i n  maneuvering t o  
and from t h e  chosen dump a t t i t u d e .  S e l e c t i o n  o f  dump a t t i t u d e  
and r o t a t i o n a l  d i r e c t i o n  depend on t h e  r e q u i r e d  maneuver a n g l e  
and the  CMG momentum a v a i l a b l e  f o r  t he  maneuver, f o r  b o t h  
a f f e c t  t h e  maneuver t i m e .  

When t h e  s o l a r  p o i n t i n g  momentum change exceeds  t h e  
g . g .  dump c a p a b i l i t y ,  t h e  e x c e s s  can be dumped b e f o r e  r e a c h i n g  
s a t u r a t i o n  by use  of  r e a c t i o n  t h r u s t .  Such dumping may be 
s c h e d u l e d  once p e r  o r b i t  o r  less  f r e q u e n t l y  as r e q u i r e d .  
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Assuming maximum utilization of orbital daylight 
for solar pointing, the pointing interval e p  coincides with 
the orbital daylight interval. The pointing interval is then 
defined by (2) 

-COS [sin -1 (R R + 

cos e p  = 
cos B 

where OH = orbital height 

R = effective earth radius including atmosphere 

For purposes of this study, a 230 NM circular orbit 
was chosen as representative of missions for both vehicles. 
Figure 5 shows the variation with 8 of the daylight pointing 
interval O p *  and the g.g. dump characteristics of the CM-SM/ 
LM-ATM in such an orbit. The effect of maneuver time is 
neglected. For l81<35" all the momentum accumulated during 
daylight pointing can be dumped during orbital darkness. 
For 181>35", the pointing momentum exceeds the dump 
capability. The undumped momentum for this orbit reaches 
a maximum at 181=69.6", at which time the complete orbit 
lies in daylight. 

Table 1 presents the corresponding data for both 
HU is the undumped momentum. vehicles, 

q n  this memorandum the effect of earth atmosphere is not 
considered. For certain experiments the atmosphere decreases 
the useful solar pointing interval, thus increasing the dump 
capability. 
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ORBITAL 

loo0 - 
MOMENTUM 

DAYLIGHT ACCUMULATION ( A Hpl 

0 10 20 30 40 50 60 70 80 90 
B ,  DEGREES 

FIGURE 5 - CM-SMILM-ATM GRAVITY GRADIENT DUMP CHARACTERISTICS 
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B 

Table  1 - X Axis  Momentum Changes P e r  O r b i t  
(Assuming N e g l i g i b l e  Maneuver t i m e )  

9P 

Deg. 
0 

- 10 
-20 
-30 - 40 
-50 
-60 
-69.6 
-70 
- 80 
-90 

Deg. 
221 
222 
224 
227 
234 
2 46 
26 8 
36 0 
36 0 
36 0 
360 

De coupled  C l u s t e r  
( CM-SM/LM-ATM) 

H 
HU - AHP - 3  AHDm "P AHDm - - 

( f't . -1b. - s e e ,  ) ( f t  .-lb . - s e c .  ) 
3 -650 

232 -648 
436 -647 
591 -643 
680 -634 
700 -612 
672 -548 
86 5 0 
85 2 0 
453 0 
0 0 

Decoupled 

- 4.14 105  IX - Not e : 

0 
0 
0 
0 
46 
88 
124 
86 5 
852 
0 
0 

0 -278 
99 -2 77 
187 -277 
253 -2 75 
29 0 -2 70 
30 0 -262 

376 0 
36 5 0 
19 4 0 

288 -234 

0 0 

C l u s t e r  

6 

6 

0.583 x 10 

3.763 x 10 

3.870 x lo6 

0 
0 
0 
0 
20 
38 
54 
3 76 
365 
19 4 
0 

2 

2 

slug-ft 

s l u g - f t  

slug-ft 2 
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The CMG c o n t r o l  s y s t e m  c o n s i s t s  o f  t h r e e  doub le  
g imba l l ed  g y r o s ,  each  w i t h  a s p i n  a n g u l a r  momentum of  
2000 f t - l b - s e c .  The r e s u l t a n t  s p i n  a n g u l a r  momentum v e c t o r  
H - can  be v a r i e d  i n  any d i r e c t i o n  from ze ro  t o  6000  f t - l b - s e c  
by  p r o p e r  o r i e n t a t i o n  of t h e  gy ro  s p i n  a x e s .  C o n t r o l  t o r q u e s  
on t h e  v e h i c l e  are produced by c o n t r o l l i n g  t h e  r a t e  o f  change 
of H .  - 

F i g u r e  6 below shows a 6000  f t - l b - s e c  s p h e r e  c e n t e r e d  
on  t h e  i n e r t i a l  a x i s  and r e p r e s e n t s  t h e  l i m i t  o f  IHI. 
s t o p s  p r e v e n t  t h e  a t t a i n m e n t  o f  t h e  f u l l  6000 a l o n g  the  v e h i c l e  
a x e s ,  b u t  t h e  e f f e c t  i s  n o t  i m p o r t a n t  f o r  t h i s  d i s c u s s i o n .  

Gimbal  

I zo 

Y O  

" 0  

FIGURE 6 
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P o s i t i v e  X a x i s  t o r q u e  i s  produced by d r i v i n g  H 
i n  the n e g a t i v e  X d i r e c t i o n ,  such  as a l o n g  l i n e  a b .  Thg 
change i n  a n g u l a r  v e l o c i t y  i s  p r o p o r t i o n a l  t o  t he  change, 
AHX, o f  the  X a x i s  component of H .  Hence an  X, a x i s  maneuver 
t o  a new a t t i t u d e  r e q u i r e s  d r i v i n g  H i n  t h e  X, d i r e c t i o n  f o r  
a c c e l e r a t i o n  and subsequen t ly  d r i v i n g  i t  back t o  i t s  o r i g i n a l  
v a l u e  f o r  d e c e l e r a t i o n .  

- 

It i s  e v i d e n t  t h a t  i f  H = 0 p r i o r  t o  a maneuver, fi 
can move o u t  a l o n g  t h e  X a x i s  t0--6000  AH^ = -6000) f o r  
a c c e l e r a t i o n  and t h e n  back t o  z e r o  ( A H  = t 6 0 0 0 )  f o r  d e c e l e r a t i o n .  
However, i f  H has Y and Z components t h e  H e x c u r s i o n  p a r a l l e l  
t o  t h e  X a x i s  i s  l i m i t e d  b y  t h e  i n t e r s e c t i o n  w i t h  t h e  IHI = 6000  
s u r f a c e  such  as at a and b. We conclude t h e r e f o r e  t h a t - f o r  
maximum X ax is  r o t a t i o n a l  v e l o c i t i e s ,  t h e  Y and Z components 
s h o u l d  b e  a minimum a t  maneuver t i m e .  

X 

T o  develop  a p rocedure  f o r  momentum management, l e t  
u s  c o n s i d e r  t h e  case  of  B = - 4 O O  f o r  t h e  c l u s t e r  and t r a c e  t he  
v a r i a t i o n  of H f o r  one o r b i t .  Suppose a t  t h e  c e n t e r  o f  t h e  
dump i n t e r v a l - ( n  = 270') t h e  g y r o  s p i n  a x i s  are o r i e n t e d  such 
t h a t  HX = 0 as shown below i n  F i g u r e  7 .  

SUN 

t INERT I AL 
REFERENCE 

ANGLE 

Y O  

\-+ I 

FIGURE 7 - CLUSTER, p =  -UO0 
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Assuming g .g .  dumping a t  t h e  maximum ra t e ,  upon e n t e r i n g  
-270 d a y l i g h t  HX = - = -135 ( s e e  T a b l e  1) .  

t h e n  t o  be made th rough  85" t o  B = -40" .  

A -X a x i s  maneuver i s  
2 

It t u r n s  o u t  t h a t  i n  t r a v e r s i n g  from rl = 270" t o  rl = 360" 

= 2 7 0 ° ,  

a t  a + 4 5 O  dumping a t t i t u d e ,  AHy Z -4000 and AHZ t +4000. 

follows t h a t  i f  Hy were s e t  a t  t 2 0 0 0  and HZ a t  -2000 when 
Hy o r  HZ would always have a magnitude less t h a n  2000 a t  any 
maneuver i n i t i a t e d  between n = 270" and rl = 360". Assuming t h i s  
maximum v a l u e  of Hy and HZ f o r  a l l  maneuvers,  the  c o r r e s p o n d i n g  
l i m i t s  o f  HX are - +5300. 

It 

Hence f o r  our  maneuver from dump t o  p o i n t i n g  t h e  g y r o  
s p i n  axes are moved such  t h a t  H i s  d r i v e n  from -135 t o  +5300 
d u r i n g  r o t a t i o n  and back t o  -135 w o n  r e a c h i n g  t h e  p o i n t i n g  
a t t i t u d e .  

X 

Upon r e a c h i n g  o r b i t a l  d a r k n e s s ,  HX = -135 + 290 
= +155. Due t o  symmetry of t he  p o i n t i n g  i n t e r v a l  about  t h e  
ea r th  s u n  l i n e ,  Hy and HZ e q u a l  t h e i r  v a l u e s  a t  t h e  p r e v i o u s  
maneuver. The C M G s  now maneuver t h e  v e h i c l e  back th rough  8 5 O  
t o  t he  dump a t t i t u d e ,  HX moving t o  -5300 d u r i n g  r o t a t i o n  and  
t h e n  back t o  +155. A d d i t i o n a l  dumping occur s  u n t i l  upon r e a c h i n g  
the  s t a r t i n g  p o i n t  H = +155 - - 270 = 20. T h i s  e x c e s s  momentum 

X 2 
may b e  dumped w i t h  r e a c t i o n  t h r u s t  a t  t h i s  p o i n t  o r  accumulated 
f o r  less f r e q u e n t  dumping. 

F o r  p o i n t i n g  ang le s  o f  magnitude grea te r  t h a n  45", 
s u c h  as B = -50" , t h e  v e h i c l e  may b e  r o t a t e d  85" t o  a -135" 
dump a t t i t u d e  and t h e n  back t o  t h e  p o i n t i n g  a t t i t u d e  as shown 
i n  F i g u r e  8 .  
and t o  +5300 when maneuvering t o  dump. 

HX i s  d r i v e n  t o  -5300 when maneuvering t o  p o i n t i n g  
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SUN 

t 

x 
I 

FIGURE 8 CLUSTER, p =  -50' 

Not ice  t h a t  t h e  AHX a v a i l a b l e  for t h e  maneuver from 
p o i n t i n g  t o  dump i s  (5300 + 155)  = 5455 f o r  B =-bo0 and 
(5300 - 1 6 9 )  = 5131 f o r  B = -50'. For maneuver a n g l e s  l ess  
t h a n  g o o ,  as i n  t h e  above examples,  t h e  a v a i l a b l e  AHX w i l l  

be greater  t h a n  5300 f o r  I B1<450 and less  t h a n  5300 for I @ 1 > 4 5 0 .  
The smaller AHX w i l l  r e s u l t  i n  smaller v e h i c l e  r o t a t i o n a l  v e l o c i t i e s .  
The v e l o c i t y  may b e  i n c r e a s e d  by r o t a t i n g  i n  t h e  o p n o s i t e  d i r e c t i o n  
t o  t h e  a l t e r n a t e  dump a t t i t u d e  180' away,  b u t  t h e  l a r g e r  r o t a t i o n a l  
a n g l e  w i l l  p r e v e n t  a s i g n i f i c a n t  reductiol-r  i n  m ~ n e i l v e r  t l m e .  

MANEUVER TIME 

F r m  T a b l e  1 we s e e  t h a t  t h e  minimum AH a v a i l a b l e  X 
f o r  maneuvering t h e  c l u s t e r  e q u a l s  (5300 - 376)  = 4924 f t - l b - s e c .  

A similar a n a l y s i s  of t he  decoupled  v e h i c l e  shows 
t h a t  i f  Hy and H Z  a r e  s e t  e q u a l  t o  z e r o  a t  11 = 270°, t h e i r  
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magni tudes  d u r i n g  maneuvers w i l l  b e  l e s s  t h a n  300. T h i s  w i l l  
have a n e g l i g i b l e  e f f e c t  on t h e  maximum a t t a i n a b l e  v a l u e  of  
HX.  Hence t h e  g y r o s  can  e f f e c t i v e l y  be d r i v e n  t o  X a x i s  
s a t u r a t i o n .  
maneuver e q u a l s  ( 6 0 0 0  - 865)  = 5135. 

From T a b l e  1 t h e  minimum AHX a v a i l a b l e  f o r  a 

L e t  u s  c o n s e r v a t i v e l y  assume t h a t  a minimum AHX o f  
4500 l b - f t - s e e  i s  a v a i l a b l e  f o r  X a x i s  maneuvers of e i t h e r  
v e h i c l e .  

To a c h i e v e  AH = 4500, t h e  g y r o  g imbals  r o t a t e  t h r o u g h  X 
approx ima te ly  9 0 " .  With a maximum d e s i g n  g imbal  ra te  of 
4 .54" / sec . ,  20  seconds  each  are  r e q u i r e d  f o r  a c c e l e r a t i o n  and 
d e c e l e r a t i o n .  During t h i s  t i m e  t h e  decoupled  v e h i c l e  r o t a t e s  
1 0 . 5 "  and t h e  c l u s t e r  r o t a t e s  7 .5" .  

The AHX of 4500 produces v e h i c l e  r a t e s  o f  0 .62"/sec 
for t h e  decoupled v e h i c l e  and 0.44O/sec f o r  t h e  c l u s t e r .  With 
a maximum maneuver a n g l e  of g o " ,  t h e  r ema in ing  69' for t h e  
decoupled  v e h i c l e  r e q u i r e s  110  seconds and t h e  r ema in ing  75" f o r  
t h e  c l u s t e r  r e q u i r e s  1 7 0  seconds .  

Adding t h e  t imes  r e q u i r e d  f o r  a c c e l e r a t i o n ,  c o n s t a n t  
r a t e  r o t a t i o n ,  and d e c e l e r a t i o n  r e s u l t s  i n  maximum maneuver 
t i m e s  o f  2 . 5  minu tes  f o r  t h e  decoupled  v e h i c l e  and 3 .5  minu tes  
f o r  t h e  c l u s t e r .  S i n c e  n e g l i g i b l e  dumping o c c u r s  d u r i n g  
maneuvering,  t h e  maneuver t i m e  s l i g h t l y  r e d u c e s  t h e  dump 
c a p a b i l i t y .  

F i g u r e  9 shows t h e  e f f e c t  of  t h e s e  maneuver t imes 
on t h e  undumped momentum pe r  o r b i t .  Fo r  I f 3 1  l e s s  t h a n  
approx ima te ly  3 0 ° ,  a l l  t h e  momentum accumulated d u r i n g  day- 
l i g h t  p o i n t i n g  can be  g . g .  dumped. A s  69 .6"  i s  approached ,  
t h e  p o i n t i n g  momentum i n c r e a s e s  r a p i d l y ,  whereas t h e  dumping 
i n t e r v a l  d e c r e a s e s  r a p i d l y ,  g i v i n g  r i s e  t o  s t eep  undumped 
momentum c u r v e s .  

R E A C T I O N  THRUST DUMP PROPELLANT REQUIREMENTS 

F i g u r e  1 0  shows t h e  SM r e a c t i o n  t h r u s t  Dro  e l l a n t  
r e q u i r e d  p e r  o r b i t  t o  c a n c e l  t h e  undumped g . g .  momen r um. 
The d o t t e d  c u r v e s  show t h e  p r o p e l l a n t  r e q u i r e d  i f  g . g .  dumping 
were no t  employed. Maneuver t imes a re  a s  c a l c u l a t e d  above. 
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The i n i t i a l  v a l u e  o f  B f o r  a m i s s i o n  depends upon 
t h e  t i m e  o f  launch  and t h e  o r b i t  i n c l i n a t i o n .  After l a u n c h ,  
B v a r i e s  s lowly  due t o  o r b i t a l  r e g r e s s i o n  and t h e  e a r t h ' s  
r o t a t i o n  about  t he  s u n .  The c l u s t e r ,  w i t h  a 28.5O o r b i t a l  
i n c l i n a t i o n  can have a B v a r y i n g  approx ima te ly  between +52O. 
The CM-SM/LM-ATM decoupled  m i s s i o n ,  p o s s i b l y  w i t h  an  i n c l i n a t i o n  
of  50°, can have a B v a r y i n g  between t 7 3 o .  The r ange  a c t u a l l y  
encompassed by a m i s s i o n  depends upon-the l aunch  date and  
m i s s i o n  d u r a t i o n ,  and of  course  a f f e c t s  t h e  t o t a l  r e a c t i o n  
t h r u s t  dump p r o p e l l a n t  r e q u i r e d  p e r  m i s s i o n .  A s i m u l a t i o n  
shows t h a t  w i t h o u t  g . g .  dumping, up t o  340  l b s  o f  dump 
p r o p e l l a n t  are r e q u i r e d  f o r  a 28-day decoupled  v e h i c l e  
mis s ion ,  depending  upon launch date.  When supplemented by 
g . g .  dumping, 75 l b s  a r e  r e q u i r e d .  

S i m i l a r l y ,  g .g .  dumping r educes  t h e  dump p r o p e l l a n t  
r equ i r emen t  f o r  a 56-day c l u s t e r  m i s s i o n  from 286 l b s  t o  20 l b s .  

C O N C L U S I O N S  

A s i n g l e  r o t a t i o n ,  two maneuver g r a v i t y - g r a d i e n t  dump 
p rocedure  can be used f o r  t h e  CM-SM/LM-ATM decoupled  m i s s i o n  
and a l s o  can be  used  as a manual backup f o r  t h e  o r b i t a l  work- 
shop  c l u s t e r .  Maneuvering i s  done d u r i n g  o r b i t a l  da rkness  t o  
maximize the  s o l a r  v iewing  t ime.  

accumulated d u r i n  solar viewing can be dumped d u r i n g  o r b i t a l  
d a r k n e s s .  
g . g .  dumping t o  p r e v e n t  CMG momentum s a t u r a t i o n .  

Fo r  v a l u e s  of I B I  l e s s  t h a n  3 0 ° ,  a l l  t h e  momentum 

For I f37 g r e a t e r  t han  3 0 ° ,  r e a c t i o n  t h r u s t  supplements  

A momentum management p rocedure  has been s u g g e s t e d  
which r e s u l t s  i n  maximum maneuver t imes of 2.5 minutes  f o r  
the decoupled  v e h i c l e  and 3.5 minutes  f o r  t h e  c l u s t e r .  

For a 28-day decoupled v e h i c l e  mis s ion ,  t h i s  p rocedure  
r educes  the  maximum r e a c t i o n  t h r u s t  dump p r o p e l l a n t  r equ i r emen t  
from 340  l b s  t o  75 i b s .  

Fo r  a 56-day c l u s t e r  m i s s i o n ,  g .g .  dumping r educes  t h e  
p r o p e l l a n t  r equ i r emen t  from 286 l b s  t o  20 l b s .  

1022-WL-me f W .  Levidow 
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